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Table 1. Radiation Entrance Exposure Rates to a Standard Vascular Phantom With Use of Various 
Fluoroscopic X-ray Systems 
15 cm (6 inch) Image 
Rate 
(R/min)* Difference 
23 cm (9 inch) Image 
Rate 
(Wmin)* Difference 
Conventional cineangiography 
at 60 pps 
Cineangiography with progressive 
scanning at 30 pps 
Conventional fluoroscopy at 
60 pps (30 fps) 
Fluoroscopy with progressive 
SO.1 
-52% 
24.1 
3.1 
I 
-52% 
1.78 
26.0 
I 
-53% 
12.1 
1.3 
i -32% 
0.88 ] 
scanning at 30 pps (30 fps) 
*l R (roentgen) = 0.258 mC(millicoulomb)/kg. fps = frames/s; pps = pulses/s. Reprinted from Holmes et al. (9). 
by permission if the Mayo Foundation. 
for physicians and monthly for technical staff. Badge r ad- 
ings were totaled for each year and divided by the number of 
physicians or technical sta8 subject to the average annual 
exposure. No adjustments were made for periodic absences. 
In addition to iead aprons, shielding consisted of a 
movable floor-based 0.25 mm equivalent leaded acrylic 
btier that was used for all left ventricular ngiograms. A 
ceiling-mounted l aded acrylic shield was also used during 
coronary angiography in two of the four procedure rooms. 
No changes in shielding procedures were made during this 
study. 
Case studies. During this study, the number of physicians 
performing both diagnostic and therapeutic procedures in- 
creased, as did the number of procedures performed. The 
average radiation exposure per physician was related to the 
case load per physician and to the number of coronary 
angioplasty procedures. The volume ofsuch procedures was 
considered because it has been shown to increase radiation 
exposure markedly. 
To assess the potential impact of changing fluoroscopic 
and tine times during the period of this study, the records of 
50 patients undergoing diagnostic left heart and coronary 
angiographic examinations and 50 patients undergoing cor- 
onary angioplasty for each year from 1984 through 1987 were 
reviewed. These records were selected randomly. For each 
patient, the actual fluoroscopic and tine times were calcu- 
lated for each year. 
To estimate the relative radiation exposure that the 
physicians would have received without the use of pulsed 
progressive _tYuoroscopy , the average tluoroscopic and tine 
times were multiplied by the number of cases per physician. 
Because tine exposure is approximately 10 times (2 to 3 
~R[microroentgen]/frame for fluoroscopy and 20 to 30 pR/ 
frame for tine) that of fluoroscopy, the product of tine time 
and the number of cases per physician was multiplied by IO. 
This product (tine time X number of cases per physician x 
10) was added to the product of fluoroscopic time and the 
number of cases per physician to obtain an estimate of the 
relative xposure per physician. From these data, it is easy 
to determine the relation between the number of cases 
performed between 1984 and 1987 and th? potential increase 
in the relative xposure if pL!;ed progressive iruoroscopy 
had not been installed. 
physician. From 1984 through 1987, the 
case load per physician increased by 63% (from 535 to 872 
cases) (Table 2). During this time, the total number of 
catheterization procedures increased from 2,784 to 3,655 per 
year. The increase in the number of coronary angioplascj 
procedures during this time was relatively larger; the number 
of procedures increased from 206 to 709 per year, an 
increase of 244%. 
Radiation exposure. Despite the 63% increase in case 
load per physician and the greater increase in the number of 
coronary angioplasty procedures, the average annual radia- 
tion exposure per physician decreased from 2.9 to 1.8 rem, a 
decline of 37% (Fig. 1, Table 2). When expressed as the 
average radiation exposure per physician per 100 procedures 
performed, the exposure decreased from 0.55 rem per phy- 
sician per 100 procedures during 1984 to 0.21 rem in 1987. 
Table 2. Physician Radiation Exposure in Relation toCase Load 
and Number of Angioplasty Procedures 
Average Radiation 
Exposure/Physician Total Case No. of 
Year (rem) Load/Physician* PI-CA 
1984 2.92 53s 206 
I985 2.92 578 249 
1986 2.13 491 368 
1987 I .8S 872 709 
*Number includes both diagnostic and dilation procedures. PTCA = 
percutaneous transluminal coronary angioplasty procedures. 
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~~uoroscoo~c and Cine Times 
Diagnostic Angiography CA 
FluorQscopic Cine Time Fluoroscopic Cine Time 
Year Time fminl (min) Time (min) (min) 
19x4 10.9 1 Ax 22.5 0.74 
1985 11.9 0.96 20.7 0.67 
1986 11.9 1.00 25.2 0.77 
1987 7.5 0.96 21.4 0.66 
PTCA = percutaneous transluminal coronary angioplasty procedures, 
1965 1966 1987 
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decline in tine time d 9%. I+r car 
average fluoroscopic times from 1984 to 
22.5 and 21.4 min, respectively. The decreases inaverage 
fluoroscopic and tine times from 1984 to 1987 were more 
than offset by the arked increase inthe number of cases 
operator (Table 5). The relalive radiation exposure per 
physician i creased 3% from 1984 to 1987 as a result of the 
49% increase in diagnostic procedures and an increase bya 
factor of 3.5 in angioplasty procedures (Table 5). Even with 
all of these potential sources of increased radiation expo- 
sure, we realized a 37% decrease in staff exposure during 
this time. 
In addition to sigoifica~tly reducing tbe annual radiation 
exposure to the staff, pulsed progressive fluoroscopy pro- 
vides improved image quality because of the short (6 ms) 
pulse times (9,lO). The short pulse times are made possible 
ble 3. Technician Radiation Exposure 
Year 
1984 
1985 
1986 
1987 
Average kidiation 
Exposure/Technician 
(rem) 
0.17 
0.13 
0.08 
0.11 
and can reduce e 
skielld and results m more scatter 
is two to three times that with an uader-table X-ray tube (2). 
change in invasive cardiology 
an exclusively diagn c technique toan increasingly 
therapeutic one. 
Coronary angiop~asty results in increased radiation expo- 
sure to the patient, physician and technical staff. This 
increase ismainly the result of increased fluoroscopic times. 
Dash and Leaman (1) reported mean ci ea~g~og~pb~ 
of 44.1 s for angioplasty and 47.6 to 49.7 s for 
diagnostic coronary angiography; ffuoroscopic time was 34.5 
min for angioplasty and 13.1 to 13.7 min for diagnostic 
angiography. The resultant mean radiation exposure was I7 
mradlcase p r operator with angioplas radlcase per 
operator for diagnostic oronary an a 93% in- 
crease. In addition, radiation exposur found to be 
greater with multivessel dilation than with single vessel 
dilation for the same reason that fluorosco 
lengthened (12). As the number of patients wi 
coronary disease who undergo angiopiasty increases, SO Will 
the radiation exposure. 
do 
ges of pulsed ~rQg~~~ve 
the effect of pulsed progressive 
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Table 5. Relation Among Number of Cases, Measured Fluoroscopic and Cine Times and Relative Radiation Exposure 
Diagnostic Procedures PTCA 
Potential Relative 
A: Total B: Total C: Total D: Total Radiation 
No. of Fluoroscopic Cine Time? No. of Fluoroscopic Cine Time? Exposure/Physician/ 
Year Cases/Physician Time* (min) (min) Cases/Physician Time* (min) @in) Yr$ 
1984 498 5,428 523 31 833 27 11,761 
1985 530 6,307 509 48 994 32 12,71 I 
1986 622 7,402 622 69 1,739 53 15,891 
1987 741 5,558 711 I31 2.803 86 16,331 
*Obtained by average number of caseslphysician x average fluoroscopic time/case (Table 4). tobtained by average number of cases/physician x average tine 
time/case (Table 4). $Obtained by total fluoroscopic time (columns A and C) t total tine time (columns B and D). (Total tine time is multiplied by 10 because 
tine exposure/frame is IO times that of fhuoroscopy.) See text for details. PTCA = percutaneous transluminal coronary angioplasty procedures. 
occupational radiation exposure. This technique, which has 
been described previously in detail (9,181 allows improved 
imaging, with radiation pulsing at 30 pps compared with 
conventional interlaced scanning. Initial phantom exposure 
data (9) documented a 32% to 53% reduction in radiation 
exposure. This has been translated into actual sequential 
decreases inexposure as progressive fluoroscopy has been 
implemented in all of our catheterization laboratories. Dur- 
ing implementation of the systems, radiation exposure per 
physician was reduced by 37% even though the case load 
increased by 63%, the number of high radiation procedures 
such as angioplasty increase0 by 244% and the potential 
relative exposure increased by 39%. 
Radiation exposure was also reduced for technicians. 
Although the average annual exposure for technicians is far 
less than that for physicians (0.17 versus 2.92 rem), the 
percent reduction over the time of this study was similar in 
the two groups. The d cline in radiation exposure for tech- 
nicians was 35%. 
Implications. For this ystem to achieve its full potential 
in reducing X-ray exposure, the X-ray source must be pulsed 
during fluoroscopy. Although all cardiac catheterization 
systems use pulsed radiation for cineangiography, some 
systems cannot pulse radiation effectively at fluoroscopic 
levels. This difference has important implications because 
the excess radiation exposure with angioplasty has been 
almost entirely the r sult of longer fluoroscopic times. Not 
all manufacturers p ovide pulsed fluoroscopy, although with 
the documented improvement in image quality and the 
reduced radiation exposure, a shift toward pulsed fluoros- 
Copy is occurring. 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
IO. 
II. 
12. 
Dash H, Leaman DM. Operator radiation exposure during percutaneouo 
transluminal coronary angioplasty. J Am Coil Cardiol 1984;4:725-8. 
Miller SW, Castronovo FP Jr. Radiation exposure and protection in 
cardiac catheterization laboratories. Am J Cardiol 1985;SS: 171-6. 
Fellows KE. Keane JF, Freed MD. Angled views in cineangiocardiog- 
raphy of congenital heart disease. Circulation 1977;56:485-90. 
Balter S, Sones FM Jr, Brancato R. Radiation exposure to the operator 
performing cardiac angiography with U-arm systems. Circulation 1978; 
58:925-32. 
Marco R. Paulin S. Radiographic principles and practice. In: Grossman 
W. ed. Cardiac Catheterization and Angiography. 3rd ed. Philadelphia: 
Lea & Febiger. 1986:14-29. 
Gertz EW. Wisneski JA. Gould RG, Akin JR. Improved radiatlon 
protection for physicians performing cardiac catheterization. Am J Car- 
diol 1982;5&1283-6. 
Richman AH, Chan B, Katz M. Effectiveness of lead lenses in reducing 
radiation exposure. Radiology 1976;121:357-9. 
Laboratory Performance Standards Committee: Society for Cardiac Angi- 
ography News. Guidelines for radiation protection in the cardiac cathe- 
terization laboratory. Cathet Cardiovasc Diagn 1984;10:87-92. 
Holmes DR Jr. Bove AA, Wondrow MA, Gray JE. Video x-ray progres- 
sive scanning: new technique for decreasing x-ray exposure without 
decreasing image quality. Mayo Clin Proc 1986;61:321-6. 
Wondrow MA, Bove AA, Holmes DR Jr, Gray JE, Julsrud PR. Technical 
consideration for a new x-ray video progressive scanning system for 
cardiac catheterization. Cathet Cardiovasc Diagn 1988;14:126-34. 
National Council on Radiation Protection and Measurements. Recom- 
mendations on limits for exposure to ionizing radiation. Bethesda, MD: 
NCRP Report No. 91, 1987~1-72. 
Cascade PN. Rterson LE. Wajszczuk WJ, Mantel J. Radiation exposure 
to patients undergoing percutaneous transhrminal coronary angioplasty. 
Am J Cardiol 1987;59:996-7. 
